Complete surgical resection, determined by assessment of the surgical margins, is paramount for the curative treatment of patients with cancer of the esophagus, gastroesophageal junction (GEJ), or stomach. Many studies have shown that a positive resection margin is an independent predictor of recurrence and decreased survival.
Complete surgical resection, determined by assessment of the surgical margins, is paramount for the curative treatment of patients with cancer of the esophagus, gastroesophageal junction (GEJ), or stomach. Many studies have shown that a positive resection margin is an independent predictor of recurrence and decreased survival. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] For these reasons, guidelines for surgical management of tumors in the esophagus, GEJ, and stomach include the objective of margin negativity (R0 resection) in all resections with curative intent. 18 However, there are no universally accepted standards for how and when the margin should be assessed. Often, the choice of margin assessment procedure is based on institutional tradition or surgeon preference, rather than evidence-based data.
To determine the margin status, surgeons, with or without the aid of pathologists, may visually inspect the margins grossly to determine the adequacy of resection. The recommended minimum gross distance of tumor to the margin depends on tumor extent. For example, according to the Japanese Gastric Cancer Association, a gross distance of at least 2 cm from a T1 cancer, at least 3 cm for a T2 or deeper cancer, and at least 5 cm from a cancer with an infiltrative growth pattern are recommended. 19 However, macroscopic examination has limitations in predicting microscopic negativity, particularly for carcinomas with an infiltrative growth pattern (poorly demarcated, infiltrative, intramural tumors) or tumors with microscopic submucosal extension. 12, 20, 21 Guidelines and review articles have advocated for the routine use of intraoperative pathology consultation (IOC) and frozen section examination of the margins, as frozen section has been found to be highly accurate, sensitive, and specific. 6, 16, 18, 20, [22] [23] [24] [25] By identifying a positive margin intraoperatively using frozen section, the surgeon has an opportunity to resect additional tissue to ensure a R0 resection. Multiple studies have also explored various tumor parameters that are associated with an increased risk of positive resection margins. 2, [6] [7] [8] 12, 14, 26, 27 For example, a recent study found that a distance of less than 2 cm from the margin is a risk factor for a positive margin in T1 cancer, and in T2 to T4 intestinal-type carcinomas, risk factors for a positive margin included serosal invasion, less than 3 cm distance to margin, and GEJ location. 13 While the previously identified tumor risk factors are useful in triaging cases for IOC, there are few guidelines or recommendations regarding the method the pathologist should utilize for assessment of the gastric margins at the time of frozen section. In particular, the question arises whether the gastric margins should be examined in their entirety or if representative sections are adequate to identify a positive margin. Some textbooks recommend taking a few shaved (en face) sections of the closest gross margin for frozen section, without specifying how many blocks and what length of margin to examine. 28, 29 In addition, in the case of diffuse-type adenocarcinomas, the recommendations are to examine the entire length of the margin, regardless of the gross distance of tumor to margin. 30 However, to our knowledge, there have been no previous systematic studies addressing the specific pathologic method of gastric margin evaluation. It is unclear whether a few representative en face sections are sufficient in the assessment of gastric margins or whether a complete examination along the entire margin is required to ensure accuracy of R0 resection determination.
Margin characteristics vary from case to case depending on the surgical approach, technique, and anatomic considerations of the foregut. 31 In total gastrectomies or esophagogastrectomies, the proximal margin typically consists of esophagus and poses little challenge for frozen section analysis ❚Image 1A❚ and ❚Image 1B❚. Similarly, the distal duodenal margin in total or partial distal gastrectomies can be assessed easily by frozen section (Image 1A) ❚Image 1C❚. However, the gastric margin in partial gastrectomies or esophagogastrectomies can be irregular, measuring several centimeters in length (Images 1B and 1C). To achieve examination of the entire stomach margin, the prosector must take more time to grossly dissect the necessary tissue, and frequently numerous tissue blocks must be individually frozen, cut, and stained. Thus, total stomach margin evaluation potentially increases turnaround time and utilizes more resources, ultimately increasing the cost of care. By limiting the number of blocks and freezing only a portion of the gastric margin (representative section closest to the tumor), the labor-intensive frozen section effort may be reduced, leading to shorter turnaround time and cost.
The objective of this study is to systematically determine whether representative margin examination or total margin examination is required for R0 resections, to establish a data-driven approach for selecting a method of margin examination at IOC, and to confirm, at our institution, the recognized characteristics of gastrectomy specimens that are associated with margin positivity.
Materials and Methods

Cases and Variables Studied
From the Yale-New Haven Hospital pathology database, all consecutive patients who underwent esophago-, partial, or total gastrectomies for neoplasia with IOC gastric margin assessment in a 3-year period between 2010 and 2013 were retrospectively retrieved. This represents all the patients who underwent resection of a gastric, esophageal, or GEJ tumor during this time period. Patient data, including sex, age, neoadjuvant treatment, and overall survival, were obtained from the electronic medical record. Patients who underwent gastrectomy for nonneoplastic indications were excluded. Pathologic variables, including tumor histologic diagnosis and tumor stage, were obtained from pathology reports and, when appropriate, were confirmed with reevaluation. Per institutional custom, all frozen section diagnoses were rendered by a gastrointestinal pathology specialist using standard cryostat sections and H&E staining. Because this is a retrospective study, the GI pathologist chose whether to freeze the entire or partial gastric margin without formal guidelines, as per institutional and/or personal preference. Evaluation of the specimen after fixation on permanent sections was performed using routine paraffin sections H&E stains. The status of gastric margin (positive or negative) was recorded both during IOC and on permanents sections. In addition, gross pathologic variables were obtained from pathology reports, including tumor size and distance to margin, complete or partial margin assessment, and number of blocks submitted per margin. Tumor size was determined by using the largest dimension in centimeters based on the reported gross assessment of tumor extent. The distance of tumor to the margin was determined to be the closest point of extension of any discrete mass to the given margin, measured in centimeters, based on gross examination that best approximated the tumor characteristics at frozen section time. Following study of the permanent sections, the final margin status was correlated to the IOC result in all cases in order to obtain the false-negative rate of our IOC analysis. Total turnaround time for IOC diagnosis was also recorded.
Microscopic variables studied were histologic diagnosis, tumor stage, and presence of lymphovascular invasion (LVI). The histologic diagnosis was rendered by our in-house gastrointestinal pathologists in accordance with the 2010 World Health Organization classification of tumors of the digestive system. 32 Gastric adenocarcinomas were further classified using the Lauren system into diffuse and intestinal types, where diffuse type is characterized by poorly cohesive cells with little or no gland formation and intestinal type is composed of gland-forming cells with varying degrees of differentiation. 33 Tumors containing approximately the same amount of intestinal and diffuse types are termed "mixed," and for the purposes of this study any tumor with a "mixed" histology was classified with the diffuse-type cancer, given that the biological/clinical behaviors of these tumors are more similar. 34 The presence of LVI was reported following the evaluation of the permanent sections in the majority of cases. This study was approved by the Institutional Review Board of Yale University School of Medicine (HIC No. 1407014341). Informed consent was not required for our study.
Statistical Analysis
Statistical analysis was performed using the software STATA (StataCorp 2001 Statistical Software Release 7.0; Stata, College Station, TX). Univariate and multivariate analysis was performed for each variable. For univariate analysis, Student t test was performed for continuous variables and Fisher exact test was performed for categorical variables. Logistic regression was used for multivariate analysis. The program CLARIFY (through STATA) was used to calculate the probability of the outcome using different levels of any statistically significant independent ❚Image 1❚ Gross examples of total (A), esophageal (B), and distal (C) gastrectomies. Esophageal margins are highlighted in red in A and B and small-bowel margins are highlighted in green in A and C. Gastric margins in B and C (highlighted in yellow) measure in length 30 and 16 cm, respectively. variables in question. Kaplan-Meier analysis was performed to compare overall survival data between groups. A P value of <.05 was considered significant.
Results
Patient Cohort Clinicopathologic Characteristics
We identified 110 patients who underwent a partial or total gastric resection for primary esophageal, GEJ, or gastric tumors over a 3-year period ❚Table 1❚. All patients underwent IOC frozen section analysis of at least one resection margin. Comparable to other gastric cancer studies, most of our patients were male (75%) and the median age was 65 years (range, 33-91 years). 3, 13, 22 Fiftyeight patients (53%) underwent an esophagogastrectomy for tumors at or near the gastroesophageal junction; 14% of patients underwent a total gastrectomy, and 33% of patients underwent a partial gastrectomy. The most frequent diagnoses were intestinal-type adenocarcinoma (55%), diffuse-type carcinoma (28%), squamous cell carcinoma (5.5%), and gastrointestinal stromal tumor (3.6%). Sixty-seven patients (61%) underwent preoperative neoadjuvant chemotherapy, and none of the patients had a complete pathologic response. Other diagnoses included two patients with Barrett esophagus and high-grade dysplasia, adenosquamous carcinoma (1), well-differentiated neuroendocrine tumor (1), melanoma (1), leiomyoma (1), medullary carcinoma (1), and gastric juvenile polyposis (1). Of tumors amenable to American Joint Committee on Cancer (AJCC) staging according to the seventh edition of the Cancer Staging Manual, the most common tumor stages were stage I (36%), stage II (23%), and stage III (36%), with rare cases of stage 0 (2%) and stage IV (3%). 35 Lymphovascular invasion on permanent histology was noted in 34% of patients.
Patient Cohort Margin Diagnosis at IOC
Twenty-three (21%) patients had a positive margin at IOC ❚Table 2❚. Patients who had positive IOC margins were significantly more likely to be undergoing total gastrectomy than patients with negative margins (39% vs 7%, respectively, P = .001). All patients with a positive IOC margin had a diagnosis of malignancy: 13 patients had diffuse-type adenocarcinoma, eight patients had intestinal-type adenocarcinoma, one patient had squamous cell carcinoma, and one patient had melanoma. Forty-two percent of patients with diffuse-type adenocarcinoma had positive margins, compared to 13% of those with intestinal-type adenocarcinoma (P = .003). The majority of patients had both the proximal and distal margins examined with frozen section at IOC. All patients with any positive margin at initial IOC had additional margins taken for IOC examination. Of these, 78% achieved final negative margins. For five patients, additional margins remained positive.
Margin Characteristics Evaluated at IOC by Margin Type
A total of 203 IOC frozen section margin examinations were performed, using a total of 560 blocks ❚Table 3❚. This included 89 gastric margins, 73 esophageal margins, and 41 small-bowel margins. Esophageal margins were significantly more frequently positive (22%) compared to gastric margins (7%, P = .013). Gender, age, and neoadjuvant chemotherapy did not influence margin negative or positive status (data not shown). The esophageal and small-bowel margins were examined entirely in 96% and 98% of patients, respectively; in the remaining few patients, the extent of esophageal and small-bowel margin examined was not documented. In contrast, 64% of the gastric margins were examined along the entire margin length, whereas representative sections were used in 25% of gastric margin examinations (unknown extent of examination in 11% cases). Examination of the gastric margins required an average of five blocks, with a range of one to 16 blocks, compared to one block for esophageal and small-bowel margins (P < .001). There was a Other included squamous cell carcinoma (6), gastrointestinal stromal tumor (4), Barrett esophagus with high-grade dysplasia (2), adenosquamous carcinoma (1), well-differentiated neuroendocrine tumor (1), melanoma (1), leiomyoma (1), medullary carcinoma (1), and gastric juvenile polyposis (1).
significant difference in the average number of blocks examined between patients for whom representative gastric margin were submitted (two blocks) vs those who had the entire gastric margin submitted (six blocks, P < .001) for IOC examination. The frozen section turnaround time also varied between cases that had representative (30.7 minutes) vs entire gastric margin (43.1 minutes) examined (P = .006). There was no correlation between the diagnosis of a positive gastric margin and whether the entire margin or representative sections were examined (5% vs 13%, P = .340). The average distance of tumor to the respective margin did not vary significantly between esophageal, small-bowel, or gastric margins (P = .640).
Gross Specimen Characteristics Associated With Margin Status at IOC
Of the 203 IOC margins assessed by frozen section, the margin was reported as negative in 174 frozen sections (86%) and positive in 29 (14%) ❚Table 4❚. By univariate analysis, the overall average distance of f tumor to closest margin was 4.8 cm in cases with a negative margin vs 3.2 cm in cases with a positive margin (P = .001). In addition, the average tumor size was 3.0 cm vs 7.4 cm in cases with a negative vs positive margin (P < .001). A similar statistically significant difference of tumor size and distance to margin was also observed comparing positive and negative esophageal or gastric margins individually. All positive smallbowel margins occurred in the setting of diffuse-type adenocarcinoma (further detailed in ❚Table 5❚) and in these cases tumor was reported to diffusely involve the resection specimens. Among the eight cases for which the entire gastric margin was submitted and found to be positive, three tumors were grossly abutting the margin. The mean distance of all tumors to margin in this subset was 2.2 cm. Half of the cases (four of eight) had at least two blocks positive for tumor, and only one case had a focal area of tumor identified in less than 25% of the blocks (one of six blocks).
Histologic Features Associated With Margin Status at IOC
By univariate analysis, the histologic variables showing significant association with any positive margin were the presence of diffuse-type adenocarcinoma (P = .002) and LVI (P = .020) ( Table 5 ). When examining each margin type individually, the histologic tumor classification of diffuse-type adenocarcinoma was significantly associated with positive esophageal and small-bowel margins, but not stomach margins. The six cases that had positive stomach margins were equally associated with diffuse-type adenocarcinoma (3) and intestinal-type adenocarcinoma (3) . Although the presence of LVI appeared to be overall a significant value, the presence of LVI was not significantly associated with positive margins when examining esophageal, smallbowel, or stomach margins individually. Interestingly, intestinal-type adenocarcinoma appeared to be associated with negative margins overall (P = .041), but this did not show significance when examining the types of margins individually.
False-Negative Rate of Partially Examined Margins
For 18 patients, the gastric margin at the time of IOC was examined using representative sections, followed by complete margin assessment on permanent sections when the remaining tissue from the margin was submitted for histologic examination. It was difficult to retrospectively ascertain the reasoning used in the decision to represent the gastric margin at IOC in these cases; however, the mean tumor distance to the margin was 4.0 cm and mean tumor size was 2.4 cm. Only three of these 18 tumors were Lauren diffuse-type adenocarcinomas, all of which were either far (≥7.0 cm from margin) or small (0.9 cm in size). In this patient subset, all gastric representative margins were negative at IOC. When the entire margin was subsequently examined on permanent sections, the gastric margin diagnosis remained negative. None of these 18 patients had a discrepant IOC and permanent diagnosis after completing the gastric margin examination on permanent sections. Size of tumors with a positive duodenal margin could not be determined; all positive small-bowel margins occurred in the setting of diffuse adenocarcinoma which was reported to diffusely involve the resection specimen.
Predicted Probability of Positive Margin Based on Tumor Size and Distance to Margin Using Logistic Regression
Tumor size was the only variable that demonstrated a significant association with margin positivity on multivariate analysis. Using the software CLARIFY, the probability of margin positivity was calculated based on different tumor sizes. A tumor greater than 2.3 cm showed a 5% risk of margin involvement; 2.3 cm appears to represent a threshold size, above which there is a statistically significantly higher likelihood of a positive margin. To extrapolate upon this, we used logistic regression analysis to calculate the probability of margin positivity given different tumor sizes. Based on our results, there is a 7.9% and 14.7% chance of margin positivity with tumors measuring 3.5 and 5 cm, respectively. A similar statistically significant probability of margin positivity was seen between tumors greater than 4.5 cm vs tumors less than 4.5 cm from the margin.
Patient Outcome
Average patient follow up interval was 35 months (0-84 range). Similar to other published reports, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] we found that patients with a positive margin had a statistically worse overall survival (median survival 15 months vs 36.5 months, respectively, P < .001). A similar difference was observed when examining patients who had diffuse-type vs intestinal-type adenocarcinoma (median survival of 19 months vs 40 months, respectively, P = .071). There were no statistically significant differences in patient overall survival between patients who had an entire stomach margin examined vs those who had a representative gastric margin examined (27 month vs 39 months, respectively, P = .190). Patient overall survival data are summarized in ❚Figure 1❚.
Discussion
In the setting of distal esophageal, GEJ, and gastric adenocarcinomas, resection is the only potential curative treatment for nonmetastatic disease. [36] [37] [38] Previous studies have shown that the presence of microscopic tumor at the resection margin (R1 status) is associated with decreased survival; however, the detrimental effect appears to be dependent on stage. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 38 Multiple studies have examined risk factors for positive margins and have variably and collectively associated margin positivity with T category/deeper wall penetration, N category/greater lymph node involvement, higher AJCC stage, larger tumor size (>5 cm), more extensive gastric involvement, Lauren diffuse pattern, high tumor grade/signet ring cell morphology, Borrmann type IV tumors, lymphatic vessel involvement, tumors in the proximal stomach, and total gastrectomy. 2, 12, 13, 38 Although patients with positive margins may undergo re-resection at a later date to achieve a final negative margin, which results in improved survival, this undertaking is often not desirable, as reoperation is technically complex and comes with additional risks to the patient. 16, 39 Furthermore, criteria to identify patients suitable for re-resection have not been clearly defined. 12 Thus, IOC with frozen section analysis of the margins has been implemented at many centers at the time of primary resection with curative intent. However, evidence-based guidelines or recommendations regarding what constitutes sufficient histologic examination of these margins at the time of frozen section are lacking.
Unfortunately, IOC assessment of the margins is not infallible and a false-negative rate of up to 9% to 21% has been reported for gastrectomy frozen sections. 40, 41 This false-negative rate has been attributed to factors such as skip submucosal lesions, as well as frozen section artifacts. Submitting the entire gastric margin in an effort to avoid frozen section discrepancy may be a motivating factor for some pathologists, as assurance against missing possible microscopic spread at the time of IOC. Submitting and examining the entire gastric margin is a laborious process when dealing with gastrectomy specimens in particular, often requiring longer time and technical resources in their preparation for frozen section assessment compared to other gastrointestinal specimens. 42 Gastrectomy specimens have variably long and irregular gastric margins and can be especially cumbersome for the frozen section laboratory to process. 8 Alternatively, given that specific evidence-based guidelines are lacking, some pathologists may submit a representative section of the frozen section, usually determined to be the closest margin based on gross assessment of the distance tumor to that margin. The question remains whether such an approach, utilizing the closest representative section, is sufficient to ensure an R0 resection or whether examination of the entire margin is necessary. In all the studies published about the clinical importance of an R0 resection, none include discussion about the method of gastric margin assessment. An ideal protocol to determine the margin status would minimize the false-negative rate as well as the time to report the result (turnaround time) and optimally utilize frozen section laboratory resources to reduce cost.
To our knowledge, our study is the first to address the issue of the how gastric margins are best examined during IOC. Our practice is a high-volume academic setting that serves a large cancer center. In our institution, every gastrectomy specimen performed for a neoplasm is submitted to pathology for IOC margin assessment, with very rare exceptions. Traditionally, we have erred on the side of submitting the entirety of the proximal and distal resection margins for histologic evaluation at the time of frozen section, out of concern for missing a positive margin. Given that our study is retrospective, we were not able to adequately calculate the length of the gastric margin, as this specimen characteristic was not consistently documented in the pathology reports. Rather, as a proxy for margin length, we measured how many blocks were processed per each gastric margin. In our cohort of 110 patients, we examined the gastric margin entirely in 64% of cases, requiring an average six blocks for the gastric margin. Compared to esophageal or small-bowel margins, which can be easily examined entirely when taken en face using one or two blocks in most circumstances, this difference is significant, and can be a strain on the resources of the laboratory. We did find that the turnaround time was significantly longer, by 12.3 minutes, when the entire margin was examined compared to the cases when representative gastric margins were assessed. In addition, gastric margins were least frequently positive (7%) but used the most blocks (73% of blocks examined at IOC). We therefore proceeded to analyze several variables, including tumor size, distance to margin, histologic type of adenocarcinoma, and lymphovascular invasion (as determined at final diagnosis using permanents slides), and their association with a positive resection margin, with particular attention to the gastric margin, in an effort to determine whether examination of the entire margin length is necessary, thereby justifying the greater use of frozen section laboratory resources and longer turnaround time.
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❚Figure 1❚ Kaplan-Meyer survival curves comparing the overall survival of patients with positive vs negative frozen section margins (P = .00) (A), intestinal-type vs diffuse-type adenocarcinoma (P = .07) (B), and representative vs entire gastric margins examined (P = .19) (C).
When analyzing the two methods of gastric margin examination, we found that there was no difference in the rate of margin positivity between margins submitted entirely vs partially for frozen section analysis. This result suggests that increasing the number of blocks per gastric margin does not increase the detection rate of tumor at the margin. Importantly, no margins that were examined with representative sections at the time of frozen section were found to be positive upon submission of the remaining margin on permanent sections. In addition, there was no difference in overall survival among patients who had either entire or representative margins examined at IOC. Taken together, these findings also support the conclusion that the gastric margin does not need to be examined in its entirety at frozen section to ensure an R0 resection.
Recently, Bissolati et al 13 performed a retrospective multicenter study on Siewert type III GEJ and gastric adenocarcinomas to address when frozen section should be performed. After demonstrating previously reported known risk factors for R1 resections within their cohort, they performed risk factor analysis on patients stratified according to T category and Lauren pattern. On multivariate analysis, they found independent risk factors for margin involvement were: in T1 cancer patients, only distance to margin (<2 cm); in T2 to T4 Lauren intestinal pattern cancer patients, distance to margin (<3 cm), GEJ tumor location, and serosa invasion; in T2 to T4 Lauren diffuse/mixed pattern cancer patients, GEJ tumor location, serosa invasion, tumor size greater than 4 cm, and the presence of lymphatic invasion on permanent sections. Finally, they advocated for the selective use of IOC with frozen section margin analysis in cases with high-risk features, particularly Lauren diffuse-pattern tumors. While the study by Bissolati et al 13 is useful for surgeons in triaging high-risk cases for frozen section, as they frequently have endoscopic ultrasound and other imaging studies available to make them aware of T classification, this information is rarely if ever provided to the surgical pathologist. The pathologist may suspect the T classification based on gross examination, but this is not always easily determined or practical to assess at the time of frozen section and may be particularly challenging in neoadjuvant cases.
Similarly, our results show that, of the variables we examined, tumor size is strongly associated with a positive margin, in both univariate and multivariate analyses. In particular, 2.3 cm appears to represent a threshold size, above which there is a significantly higher likelihood of margin positivity (5% probability of positive margin). One may consider it a limitation of our study that we did not assess T classification (depth of tumor invasion) as a risk factor. However, because this information is seldom available to the pathologist at the time of frozen section, we determined it would not be a useful parameter for determining the most appropriate method of gastric margin assessment. Thus, tumor size alone may serve as a more practical indicator for risk of a positive margin in this setting. It is also possible that tumor size may be acting as a surrogate marker for T classification in our study, as larger tumors generally show a positive correlation with depth of invasion.
Tumor distance to margin also emerged as a risk factors associated with margin positivity on univariate analysis in our study, although this significance did not follow on multivariate analysis. Surgical guidelines in the management of both advanced esophageal and gastric carcinomas have advocated for a resection margin distance of at least 3 to 5 cm, depending largely on clinical and pathologic characteristics of the patient and tumor, respectively. 8, 18, 43 Our data also showed a significant difference in the tumor distance to margin between cases that had negative vs positive margins (overall distance to any closest margin was 4.8 cm vs 3.2 cm, respectively), supporting the recommendation of a resection margin distance of at least 3 to 5 cm. This difference in tumor distance to margin was also significant when examining esophageal and stomach margins individually. In our study, 4.5 cm appeared to represent a threshold of the tumor-margin distance below which there was a statistically significant probability of a positive margin. We therefore suggest that gross assessment of the distance of tumor to margin at the time of IOC can help guide pathologists as to the method of gastric margin assessment.
The histologic diagnosis of diffuse-type adenocarcinoma was also strongly associated with a positive margin in our study. In the overall cohort of 110 patients, diffuse-type adenocarcinoma was the primary diagnosis in a minority (28%) of patients. However, in the 23 patients who had any positive margin, diffuse-type adenocarcinoma was the most common diagnosis (13 patients or 57%). Furthermore, when examining the 29 positive margins, 20 margins (69%) were associated with the diagnosis of diffuse-type adenocarcinoma. Our findings confirm that diffuse-type adenocarcinoma is a risk factor for a positive margin, with an overall odds ratio of 2.93. Interestingly, in our patient cohort, this finding was most significant when assessing esophageal margins, with a similar trend, although not statistically significant, in small-bowel margins. Gastric margins, which were positive in only six cases, were equally associated with diffuse-type adenocarcinoma and intestinal-type adenocarcinoma. It is unclear how the tumor histologic classification should influence the choice of method for gastric margin assessment. Our findings suggest that in cases where the primary diagnosis is diffuse-type adenocarcinoma, the margins should be examined with caution and this specific tumor classification may warrant examination of the entire gastric margin to ensure an R0 resection. While the presence of LVI was also associated with margin positivity on univariate analysis, this finding is of limited utility at the time of frozen section, as it is generally only known following examination of the complete specimen on permanent sections. Rarely, the finding of LVI may be seen on biopsy and should be reported.
The remaining question is how much of a long gastric margin should be submitted to ensure an R0 resection accurately? The number of blocks submitted per margin, as a proxy for the extent of the margin examined at frozen section, are novel parameters assessed in our study. An ideal protocol to determine the margin status would minimize the false-negative rate as well as the time to report the result (turnaround time) and optimally utilize resources to reduce cost. Given that our study is retrospective, it is difficult to determine an exact minimum number of blocks that are sufficient for examining the gastric margin to ensure an R0 resection. In our study, the vast majority (93%) of gastric margins were negative, but gastric margins utilized the most number of blocks, 73% of all the blocks examined at IOC frozen section. The average number of blocks that were examined when representative gastric margins were submitted was two, compared to six when the entire margin was submitted for examination. Although it is difficult to calculate the specific costs, more blocks increase frozen section utilization in multiple ways: extended grossing time, additional time needed to freeze tissue, cryostat time, more frozen section slides, additional pathologist time to examine frozen section slides, etc. We did find a significantly longer turnaround time in cases where the gastric margin was entirely submitted as opposed to cases where representative gastric margins were examined (43.1 vs 30.7 minutes, respectively, P = .006). Furthermore, more blocks lead to additional laboratory costs after frozen section has been completed: processing of more paraffin blocks for permanent examination, additional permanent slides, extended technician time and pathologist time, storage costs, etc. Moreover, we speculate that submitting more sections of gastric margins may in fact be detrimental to patient care. By drawing resources toward the frozen section examination of an average of six blocks of an entire gastric margin, resources may be taken away from the examination of specimens received concurrently from other operating rooms, requiring active triage of multiple specimen types, a process that increases anxiety, turnaround time and potentially leads to conflict between pathologists and surgeons who expect a prompt diagnosis.
Based on our results, we conclude that complete examination of the gastric margins at frozen section is not required to achieve an R0 resection in many cases of GEJ and gastric cancer. The present study suggests that for patients who have a diagnosis of intestinal type of adenocarcinoma with tumor size less than 2.3 cm, and distance of tumor greater than 4.5 cm to gastric margin, the choice to examine representative sections of the closest gastric margin utilizing two blocks can be made without compromising the goal of R0 resection. When possible, such decisions about frozen section methods should be made in a multidisciplinary fashion, as additional information, such as preoperative evidence of advanced lymph node involvement and surgical intent, may further influence these decisions. Discussion between the surgeon and pathologist at the time of IOC is recommended to aid in determining the cases most appropriate for more extensive margin frozen section analysis, such as for patients where the diagnosis is diffuse-type adenocarcinoma.
